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corners. Fillets or chamfers as shown at g or h reduce these concentrations.
The corner shown at i is often used where a drainage trough is required. The
arrangement at j is better.

The total "excess" compression on one vertical side may be computed from
Eq. 29 by making 2a equal the width of the gallery. The amount of steel
required in bars c may be computed as explained for vertical compression rein-
forcement in Art. 17, remembering that the results are only approximate.

The amount of tension along the top and bottom is unknown. As an
approximation, the total tension may be assumed the same as for an ellipse of
dimensions 2a and 26, and the area of bars d, Fig. 14, may be computed as
recommended for tension steel in Art. 17.

The corner bars, e and/, are optional. If used, their areas are determined
arbitrarily. Where the gallery runs transverse to the axis and pierces the
downstream face, a slab parallel to the face is considered as in the case of a
circular hole.

The above treatment of a rectangular hole is no more than a rough approxi-
mation. If an exact analysis is required, resort must be had to detailed stress-
function analysis or to a photoelastic test.

An alternative gallery design in which stress concentrations will more nearly
approach those for an elliptical hole is shown in Fig, 146. To provide a walk-
way, the semicircular bottom is filled in with an unbonded floor slab.

FIG. 15.    Multiple openings through dam.

20. Multiple Openings. It is frequently necessary to provide a number of
separate outlet tubes through a dam. In Fig. 15 a series of three such openings
in a single horizontal plane is illustrated at a and a similar series, more closely
spaced, at 6.

If 1 and 2 represent vertical construction joints, the average compression on
the unbroken portions of a section along 1-2 is equal to the total force on this